Peritubular capillary (PTC) loss correlates with renal interstitial inflammation and fibrosis in animal models [1] [2] [3] [4] [5] and in patients with native kidney disease 6 -8 as well as late chronic transplant dysfunction (CTD). 9 CTD is a major cause of renal graft loss and is related to immunological and nonimmunological factors such as rejection, ischemia/reperfusion (I/R) injury, and toxicity of immunosuppressive therapy. 10 We questioned whether early PTC loss is related with chronic renal failure by studying protocol transplant biopsies. Inflammation and interstitial fibrosis (IF)/tubular atrophy (TA) in protocol biopsies predict long-term renal graft function. 11, 12 We hypothesized that PTC loss occurs in an early stage of CTD and precedes the development of IF/ TA. Therefore, we analyzed whether PTC loss in the first 3 months is associated with higher IF/TA score at 12 months in the renal biopsy and reduced renal graft function. Second, we studied whether early PTC loss is associated with specific donor and/or transplant characteristics. Table 1 shows the baseline demographic data and clinical characteristics of our study population in this retrospective consecutive cohort study. We studied PTC numbers in biopsies taken 0, 3, and 12 months after transplantation. Because I/R damage is associated with PTC loss in animal studies, 1 we specifically compared grafts from living donors (LDs) to grafts from postmortal donors. In the latter group, we distinguished between donation after brain death (DBD) and donation after cardiac death (DCD) grafts because DCD kidneys have more extensive warm ischemic damage. 13 As expected from previous studies, 9,14 statistically significant differences between the donor groups were found in preoperative ischemia time and incidence of delayed graft function ( Table 1 ). The incidence of rejection and subclinical rejection (SCR) was not significantly different between the three donor groups, as has been shown previously. 15 Figure 1 shows representative examples of CD31/CD34 staining in protocol graft biopsies. In the total study population, there was a significant loss of PTCs in the 3 months after transplantation (t ϭ 6.070, P Ͻ 0.001, paired t test, Figure 1A) . In our data, PTC loss did not occur between 3 and 12 months (t ϭ Ϫ1.499, P ϭ 0.141). There is a statistically significant difference in PTC loss over the three donor groups (repeatedmeasures ANOVA; F ϭ 3.95 by 2 and 45 degrees of freedom, P ϭ 0.026), with statistically significant more PTC loss in the DCD group than in the LD group (dummy regression analysis; B ϭ Ϫ0.386, P ϭ 0.007). When corrected for donor age and PTC number at implantation, a statistically significant loss of PTCs was observed in the DCD and DBD groups as compared with the LD group (analysis of covariance; F ϭ 6.97 by 2 and 43 degrees of freedom, P ϭ 0.002; respective B ϭ Ϫ0.391, P ϭ 0.001; B ϭ Ϫ0.319, P ϭ 0.012). In literature, long-term graft survival and kidney function are quite similar for DCD and DBD allografts, but they are worse as compared with LD allografts. 13, 15 It is thought that extensive I/R damage-as a result of prolonged ischemia time-is one of the major factors in the multifactorial pathway leading toward decreased survival of postmortal renal allografts. 13 Our data show significantly more PTC loss in DCD and DBD allografts as compared with LD allografts, which may correspond with animal studies on PTC loss after I/R damage. 1, 4 Although DCD allografts have more I/R damage because of an extrawarm ischemia time, our data show no statistically significant difference in PTC loss between DCD and DBD allografts. However, by study design it was not possible to include patients with early graft loss. It is well known that DCD donor kidneys have a higher incidence of primary nonfunction as compared with DBD and LD donor kidneys. 15, 16 Thus, further studies, in which kidneys that fail within the first year after transplantation are included, are needed to firmly assess the effect of postmortal donor type on PTC loss.
Because inflammation and IF/TA in protocol biopsies are surrogate end points for CTD, 15,10 -12 correlation of PTC number with renal function was studied, as well as correlations with inflammation and IF/TA scores in the biopsy. Figure 2 shows that PTC number at 3 months correlated significantly with MDRD. Subsequently, we studied in a multivariate analysis if PTC loss during the first 3 months (change in PTC number [⌬PTC] 0 to 3 months) predicts a worse Modification of Diet in Renal Disease (MDRD) score than donor and transplant characteristics. Significant predictors associated with a worse MDRD score were ⌬PTC (0 to 3 months), a long first warm ischemia time, and higher donor age (Table 2, model 1; r 2 ϭ 0.379, P Ͻ 0.001). PTC number at 3 months was associated with the total inflammation score at 3 months ( Figure 2B ) and the IF/TA score at 12 months ( Figure 2D) . Furthermore, at 3 months, nine biopsies were positive for peritubular capillaritis (PTCitis). We found a strong correlation between PTCitis at 3 months and immunological events ( ϭ 0.483, P ϭ 0.001). PTCitis at 3 months was associated with lower PTC numbers at 3 months ( ϭ Ϫ0.315, P ϭ 0.033, Figure 2C ) and more IF/TA at 12 months ( ϭ 0.293, P ϭ 0.049). This is in line with studies emphasizing the significance of PTCitis as a predictor of graft dysfunction. 17 In a multivariate analysis, we studied if PTC loss during the first 3 months (⌬PTC 0 to 3 months) after transplantation was associated with more IF/TA at 12 months next to donor and transplant characteristics. The final model showed only ⌬PTC (0 to 3 months) as a significant predictor of IF/TA at 12 months (Table 2 , model 2; r 2 ϭ 0.154, P ϭ 0.006). On the basis of these results, we hypothesize that loss of PTCs early after transplantation is associated with later IF/TA development and decreased renal function. This further substantiates the hypothesis that PTC loss may be an important factor in the development of IF/TA and chronic renal failure. In this retrospective study, we cannot establish whether PTC loss precedes or results from IF/TA in patients. However, experimental studies suggest that PTC loss is associated with inflammation and precedes IF/TA. 2, 4 Further studies using larger study populations and experimental models are needed to study the interactions among inflammation, PTC loss, and IF/TA. The extent of PTC loss is causally related to the balance between angiogenic and angiostatic factors, 4, 5 with inflammatory cells mediating decreased vascular endothelial growth factor production and subsequent capillary rarefaction. 3 Decreased expression of vascular endothelial growth factor in renal biopsies of patients with capillary loss suggests a similar pathway in humans. 7, 8 In our study, we show that total inflammation correlates negatively with PTC number, which suggests that there may be a disturbed interplay between inflammation and endothelial repair. Subsequently, we studied which donor and transplant characteristics predict PTC loss during the first 3 months after transplantation (⌬PTC 0 to 3 months). No relation was found for ⌬PTC (0 to 3 months) and donor gender, recipient age, or recipient gender. In Table 2 , the final multiple regression model is shown for ⌬PTC from 0 to 3 months (r 2 ϭ 0.567, P Ͻ 0.001). Significant factors associated with PTC loss in the first 3 months were donor type (with DCD and DBD grafts losing more PTCs than LD grafts), immunological events, PTC number at implantation (patients with low PTC number at implantation have more PTC loss), and donor age.
Our data show a role for immunological events in PTC loss, which is in line with findings by others that clinical acute cellular rejection and SCR predict IF/TA in protocol biopsies. 10, 11 Because there were only six patients with a clinical rejection in our cohort, we could not discern whether capillary loss in the 3-month biopsy is different for patients with treated clinical cellular rejection versus untreated SCR.
Renal allografts with a low number of PTCs at implantation show a low PTC number at 3 months and more PTC loss in the first 3 months. PTC number at implantationisthereforeanimportantdeterminant of PTC loss. In the study presented here, which includes only renal allografts functioning at 1 year, PTC number in the implantation biopsy was not associated with IF/TA score in the same biopsy ( ϭ Ϫ0.100, P ϭ 0.391), nor with total inflammation or IF/TA scores in the 3-month ( ϭ 0.073, P ϭ 0.526) and 12-month biopsies ( ϭ Ϫ0.036, P ϭ 0.753). The assessment of a preimplantation biopsy is indispensable for the measurement of PTC loss after transplantation. This is in line with recent studies showing that IF/TA and glomerulosclerosis in preimplantation biopsies can predict CTD, especially in marginal donors. 18, 19 Finally, we show that donor age affects the extent of PTC loss in the first months after transplantation. Animal studies show impaired angiogenesis, with less PTCs and more IF/TA in the aging kidney. 2 Others have reported that kidneys from older donors have decreased graft survival. 18, 20 Older donor age may be associated with impaired angiogenesis (i.e., less regenerative capacity or increased apoptosis of endothelial cells) after transplantation in human kidneys.
In summary, this study shows that PTC loss mainly occurs in the first 3 months after transplantation and that it is associated with higher rates of inflammation and fibrosis and a lower MDRD score at 1 year. Predictive clinical factors for early PTC loss are donor type, (subclinical) rejection, PTC number at implantation, and donor age. These findings indicate that early monitoring of PTC number may become a valuable predictive marker for CTD. The preservation of capillary endothelium can play an important role in preservation of long-term renal graft function.
CONCISE METHODS

Patients
Forty-eight consecutive patients transplanted at the Maastricht University Medical Centre in The Netherlands between March 2003 and
June 2006 with representative renal biopsies taken at implantation (0) and 3 and 12 months after transplantation were included in this study. Our study sample of 48 patients appears to be representative for the total group of transplanted patients in that period with a functioning graft the first year after transplantation. Representative biopsies had All patients received a triple tacrolimusbased immunosuppressive regimen without induction and with early steroid minimization. The target range of tacrolimus was 15 to 20 ng/ml in weeks 1 and 2, 10 to 15 ng/ml in weeks 3 and 4, and 5 to 7 ng/ml thereafter. All patients received 125 mg of methylprednisolon at day 0 and day 1 and 10 mg of prednisone from day 2 onward. In patients with high immunological risk (defined as Ͼ85% panelreactive HLA antibodies in the previous 6 months and/or a previous graft survival of Ͻ1 year because of immunological reasons), prednisone was tapered to 5 mg/d at month 2 and continued at this dose during the first year. In all other patients, steroids were stopped at day 10, but in the case of rejection, steroids were reintroduced at a dose of 10 mg/d for 30 days and thereafter tapered to 5 mg/d in the following 2 months. 21 A Banff 1A or 1B rejection was treated with three pulse doses of 1 g methylprednisolon. Banff 2A or higher rejections were treated with a 10-day course of rabbit anti-thymocyte globulin (Thymoglobulin, Fresenius).
Definitions
SCR was based on one of two histologic categories in the 3-month biopsy: borderline SCR (tubulitis score [t] ϭ 1, interstitial inflammation score [i] Ͼ 0) and SCR (t ϭ 2, i Ն 0), as described by Scholten et al., 22 in the absence of clinical renal function deterioration. Protocol biopsies with a Banff score higher than IB rejection (t ϭ 3; i Ն 1) were considered and treated as "rejection" biopsies with a 10-day course of anti-thymocyte globulin (see above). Immunological events were subdivided into clinical rejection within the first 3 months and SCR in the 3-month protocol biopsy. Estimated GFR was calculated by the abbreviated MDRD formula. 23 Proteinuria was expressed as the proteinuria/creatinine ratio (in g/mmol) in a morning spot urine. Delayed graft function was defined as a need for temporary dialysis treatment starting within the first week after grafting.
Histology, Immunohistochemistry, and Morphometry
Paraffin tissue sections for light microscopy were stained by hematoxylin and eosin, periodic acid-Schiff, and periodic acid methenamine silver methods according to standard protocols. Histopathologic analysis was performed by two blinded pathologists (C.P. and R.vS) according to Banff 97. 24 IF, TA, interstitial inflammation, tubulitis, and IF/TA were scored as an ordinal four-point scale on periodic acidSchiff-and silver-stained sections. Additionally, biopsies were scored for total inflammation and PTCitis. 12 In the case of a Ͼ1 point difference in score of a biopsy between both pathologists, the eventual score was solved by conference.
To assess the number of PTCs, a CD31/ CD34 co-staining was used as described previously in a study of microvessel density in human melanomas. 25 Briefly, renal tissue was fixed in 4% buffered formalin and embedded in paraffin. Paraffin sections (3 m) were cut onto Starfrost adhesive microscope slides. Monoclonal antibodies were used to stain paraffin-embedded tissue sections for endothelial markers using CD31/CD34 co-staining. (CD31: DAKO Cytomation; The Netherlands; clone JC70A) (CD34: Neomarkers; Freemont, CA; clone QBEnd/10). Sections were incubated with primary antibodies for 45 minutes, after which they were incubated with the Powervision polymer (Immunologic; Duiven, The Netherlands) for 30 minutes. Furthermore, 3,3-diaminobenzidine (DAKO Cytomation, Glostrup, Denmark) was used as chromogen, and slides were counterstained with hematoxylin (Klinipath, Duiven, The Netherlands).
The number of PTCs and tubuli were assessed in 0-, 3-, and 12-month biopsies stained with CD31/CD34 co-staining using an image processing and analysis system (QWin, Leica's Windows-based image analysis tool kit, Leica, Cambridge, United Kingdom) linked to a Leica DML3000 light microscope (Leica Quantimet, Germany). Images were obtained and analyzed with a 40ϫ objective by one blinded observer (F.S.). Per slide, ten images of the cortex were obtained in a serpentine manner. The medulla and the subcapsular cortex with a width of 0.5 mm were excluded when images were acquired. Initially, the software was set to differentiate positively from negatively stained areas. PTCs were identified by positive CD31/CD34 staining. Per field, the number of PTCs and the number of tubuli were counted. Finally, PTC number was corrected for the number of tubuli, as described previously by Kaukinen et al. 7 
Statistical Analysis
Univariate data are presented as means and SD. To test for normality of distribution, the Kolmogorov-Smirnov test is used. If data are non-normally distributed, the lowest and highest scores are also given. Univariate classified nominal and ordinal data are presented as frequencies and percentages. Overall baseline demographical, clinical, and histologic data are also presented as broken down to donor type: LD, DBD, and DCD. In normally distributed metric data, differences between these groups are tested by one-way ANOVA using Bonferroni-corrected t tests between pairs of groups. For non-normally distributed metric data, the Kruskal-Wallis test is used with Mann-Whitney tests between pairs of groups. Dichotomic categories such as gender and immunological events are analyzed by cross tabulations and log-likelihood 2 tests. Data analysis focused upon differences in PTCs found at implantation (i.e., at baseline) and 3 and 12 months after transplantation. For PTC loss, differences are tested by paired t test or (broken down for donor type) by repeated-measures analysis of covariance.
Data analysis on number of PTCs at 0, 3, and 12 months was done by multiple (dummy) regression analysis using baseline data and possible intervening immunological posttransplant events as predictors, confounders, or baseline conditions. For this purpose, the categorical trichotomy of donor type is broken down into two dummy 0 to 1 dichotomies indicating contrasts of DBD (1) with LD(0) and of DCD(1) with LD(0), which are used as a pair in regression analysis. Three groups of predictors were used in dummy regression analysis on the basis of outcome variables "PTC loss the first 3 months," "MDRD score at 12 months," and "IF/TA score at 12 months": (1) baseline demographic and clinical parameters consisting of donor type, gender of donor and recipient, and age of donor and recipient; (2) baseline histologic parameters (PTC number, PTC loss, and IF/TA score at implantation); and (3) clinical parameters within the first 3 months, consisting of immunological events and warm and cold ischemia time. Delayed graft function was not used as a clinical parameter for statistical analysis because it is too highly related to DCD donors as compared with DBD and LD donors. Searching for the final best-fitting model within regression analysis was done by means of a combination of forward selection and backward elimination.
The univariate relationship between PTC number at implantation and other baseline factors and variables was analyzed by respectively one-way ANOVA and (rank) correlation coefficients (Spearman's ). All potential predictors were chosen based on their known relationship with CTD and renal allograft survival. 10, 12 P Ͻ 0.05 was considered as statistically significant. All data analyses were performed using the SPSS statistical software package (version 16.0).
